Asu River is one of the major tributaries of Cross River, a tropical reforest river in southeast Nigeria. The climate of the region is divided into the wet and dry seasons. Human activities such as fishing, bathing and washing go on in the river especially during the dry season. Farming also takes place at the fringes of the river. Some important physicochemical parameters of the river were investigated at two designated sites comprising the downstream and the upstream for nine (9) months, from October, 2013 to June, 2014. Temperature, carbon (iv) oxide, conductivity, total dissolved solids, nitrate and phosphate recorded maximum values during the dry season while dissolved oxygen and pH recorded maximum values in the wet season. The physicochemical variables evaluated showed that the river is not in a critical condition as most of the variables recorded are within the WHO permissible limit. However, the paper therefore recommends the need for public enlightenment on environmental management and control of household and industrial wastes in order to sustain the usefulness of Asu River.
Introduction
Rivers as freshwater ecosystems are believed to be very much pivotal in shaping and sustaining the economy of nations throughout history. It is useful to man as sources of drinking water, fisheries, as means of transportation, production of hydroelectricity, irrigation, industrial and domestic water supplies and in waste water disposal (Small & Cohen, 1999) . The use of water especially rivers in particular in sewage disposal and as dump site for industrial effluents greatly affect water qualities. In sustainable management approach of any aquatic ecosystem, evaluation of its physiochemical characteristics is very important. This is because it determines the reproductive success of fish and other aquatic organisms (Moses, 1983) in the aquatic ecosystem. Rivers and other freshwater bodies collect precipitation from the surrounding landscape and channel same through their interconnected networks and wetlands that recharge them. Therefore, they can respond quickly to even distant anthropogenic activities (Combes, 2003) . To achieve a long-term protection of freshwater species, the implicit physical processes of freshwater system that are most vulnerable to change must be identified. Also necessary is determining how changes in these physical features can impact the resident biological organisms (Combes, 2003) . The major sources of pollutants to rivers comprise water from market stall and flushing of sewage. Others are water arising from slaughter houses, surface runoff from farmlands and water draining from street washing (Ademoroti, 1996) . There is therefore, need for public enlightenment on use of chemical fertilizers on farms near and around rivers and on control of household and industrial wastes so as not to pollute this case Asu River.
Materials and Methods

Study Site
Figure 1. Map of Akpoha showing Asu River
The study was carried out within the stretches of Asu River, Southeast, Nigeria. Asu River lies between longitude 7.55 0 E and 8.00 0 E and latitude 5.56 0 N and 6.00 0 N. It is connected to the Atlantic Ocean through the Cross River with a confluence at about 7km from Akpoha Bridge. Asu River is however, located in the South Eastern Nigeria where there is relatively high annual rainfall. The climate of the region is typically tropical with two distinct seasons: the wet and dry seasons. The wet season starts in May and last till October, while the dry season sets in from November through April. This though, may vary from year to year consequent upon change in climate and the resultant change in hydrological regime.
During this study two sampling sites were mapped out and investigated: a downstream and an upstream. Site 1 is the downstream located immediately behind the bridge across the river. It is partially shaded by trees forming a canopy over it. The substratum of a section of site 1 is muddy with sediments of decaying leave litters and was covered with stones towards the middle of the river. It was usually the landing point for the fishermen. Some human activities there include bathing, laundry and mini car wash. Site 2 is about 2km upstream of site 1. Major parts of the substratum have fewer decaying plant matter but the bank area was very sandy. Sand dredging is the major activities in site 2.
Water Analysis
Samples for water analysis were collected from the two designated sites for a period of nine (9) months starting from October, 2013 to June, 2014. Temperature, Dissolved oxygen (DO), total dissolved solids (TDS), pH and Conductivity were measured insitu using portable Hanna field meters. Carbon (iv) oxide was determined using titration method (Ekubo and Abowei, 2011) . Nitrate and Phosphate were both determined according to AOAC (2003) . However, ammonium ion concentration was determined according to Solórzano (1969) , modified for a 10 ml sample volume.
Results and Discussion
Water Temperature
Figure 2. Monthly variation in water temperature in Asu River
Temperature is being controlled by the amount of light penetrating through the water strata. It plays very significant role in the development, growth and reproduction of organisms in both terrestrial and aquatic ecosystem (Ekubo and Abowei, 2011) . Temperature affects physical, chemical and biological processes in water bodies and can also influence water conductivity. During this study, temperature varied between 26.8 0 C and 33.7 0 C with minimum temperature recorded in December at site 2 and maximum recorded in April at site 1 (Fig. 2) . This variation in temperature between the wet and dry seasons might be as a result of seasonal changes in the meteorological variables in the tropics (Aoyagui and Bonecker, 2004) , usually associated with reduced atmospheric humidity, little or no rainfall in the dry season. Ekubo and Abowei (2011) stated that continuous increased in water temperature due to evaporation could inhibit the phytoplankton growth and thereby, affect the aquatic food-chain. 
Dissolved Oxygen (DO)
Figure 3. monthly variation in dissolved oxygen in Asu River
The primary source of dissolved oxygen in water is by direct absorption at the air-water interface. DO is also a by-product of biological activities in aquatic ecosystem. The amount of dissolved oxygen in water is very important for aquatic organisms as its concentration in water has effects on the growth and survival, distribution, behavior and composition of the organisms (Solis, 1988) . For instance, low concentration of dissolved oxygen creates anoxic condition which is the major causes of faunal death and low density in the aquatic ecosystem (Saiz-Salinas, 1997). During this study, DO concentration in Asu River recorded minimum value (3.0 mg/L) in January at site 1 and maximum value (8.7 mg/L) in June at site 2 (Fig. 3 ). The increase in the level of dissolved oxygen during the rainy season can be linked to increase in water velocity and a more turbulent flow (Gautam etal., 1993) which is very common with tropical rivers. This condition ensures proper mixing at air-water interface. Furthermore, respiration by phytoplankton, riparian vegetations and submerged plants (Savikumar & Karuppasamy, 2004) could also contribute to the increase in dissolved oxygen. Kutty (1987) and Abowei (2010) both suggested that decrease in DO concentration in the dry season is probably due to increase in water temperature which affects oxygen solubility in water.The low DO recorded in the dry season may also be attributed to increasing human interferences at the fringes of the river as Asu River reduces in volume greatly to enhance human access in the dry season. It may also probably be due to shading by macrophytes. Shading by surface floating macrophytes can reduce photosynthesis and consequently, dissolved oxygen availability (Pennak, 1971 
Total Dissolved Solids (TDS)
Figure 4. Monthly variation in total dissolved solids in Asu River
Total dissolved solids refer to the amount of dissolved minerals in any water body. It is a measure of water suitability for both domestic and industrial uses. In Asu River during this study, total dissolved solids (TDS) recorded a monthly variation that ranged between 25 mg/L and 47 mg/L with minimum and maximum values recorded in June at site 2 and in March at site 2, respectively (Fig. 4) . High values of total dissolved solids (TDS) observed during the dry season could be attributed to decrease in water volume due to high evaporation. MacIntyre and Melack (1984) , Setaro and Melack (1984) and Hamilton and Lewis (1987) , opined that elevated atmospheric temperature and low humidity could reduce water volume; a condition that can greatly increase the salt concentration of rivers. These observations have made it clear that TDS tends to increase in the dry season. The challenge therefore, is the management practices to adopt so as to sustain Asu River and other similar rivers in the dry season. Such practices should look into ways of either increasing the water level in the dry season to counter the TDS concentration or reduce the amount of solids entering the water during the wet season. However, preserving the habitat connectivity can never be ruled out in conservation strategies of Asu River ecosystem. Connectivity is important so much in freshwater ecosystems as it can preserve hydrological regimes, promote ecological balance, and ensure successful migration of animals between different habitats at various life history stages. Abell etal. (2002) suggested that connectivity is significantly important along the length of rivers, and between freshwater habitats and subterranean systems or groundwater sources. The pH value of any water body is inversely proportional to the amount of Carbon (iv) oxide and directly proportional to the amount of dissolved oxygen. Water with more dissolved oxygen tends to be more basic than water with more CO 2 concentration. Abowei (2010) , reported that, an ideal pH for biological productivity rages from 7 to 8.5 whereas, a pH lower than 4 is harmful to aquatic organisms. It was observed that water pH in Asu River ranged from 5 to 7 (Fig. 5) during the study. The minimum and maximum values were observed in the dry and rainy seasons, respectively. The decrease in water pH of the river during the dry season was as a result of increase in the concentration of carbon (iv) oxide which is an acidic gas, owing to the possible decrease in photosynthetic activities of phytoplankton during the period as suggested by Boyd (1979) and Wani and Subla (1990) 
Conductivity
Figure 6. Monthly variation in conductivity in Asu River
Conductivity is the measure of the ability of water to conduct an electrical current. This depends on the ionic concentration and temperature of the water body. Abowei (2010) reported that, there is a direct proportionate relationship between conductivity and total dissolved solids in water. As more dissolved solids are added, water conductivity increases in the other hand. However, the optimum conductivity for various aquatic organisms differs from one organism to another and from species to species. During the study, conductivity was lower in the wet season with minimum recorded in June (50 µS/cm) at site 1 and maximum in April (98 µS/cm) also at site 1 (Fig. 6) .High values of conductivity in dry season could be attributed to decrease in water volume due to high evaporation, resulting from increased atmospheric temperature and low humidity (MacIntyre & Melack, 1984; Hamilton & Lewis, 1987; Setaro & Melack, 1984 
Water Transparency
Figure 7. Monthly variation in transparency in Asu River
Transparency is referred to as the tendency of water to transmit light. The ability of water to transmit light is probably its most important attribute. Without it, photosynthesis would not take place and, as a result, no life could exist in water (Ekubo and Abowei, 2011) . Water transparency is a product of the amount of dissolved solids contained or suspended on water. Heavy presence of plankton can also reduce water transparency (Ramachandra and Solanki, 2007) . The study showed a monthly variation in transparency with minimum value (6.8 cm) recorded in site 1 in December and maximum recorded in January (27.5 cm) at site 2 (Fig. 7) . The low value of transparency record during this study in the wet season was as a result of rainfall and flooding which affected the dept and limit of the photic zone by reducing light penetration down the water column. Colloidal organic matter originating from the decay of vegetations and erosion of soil resulting from surface runoff could be responsible for decrease in transparency during the wet season (Nigatu, 2010) . Carbon (IV) Oxide is a weak dibasic acid, which ionizes slightly. It is a byproduct of respiration and source of carbon fixation in photosynthesis. Increase in natural free CO 2 results in the decrease of dissolved oxygen in natural waters (Ekubo and Abowei, 2011) . CO 2 may occur in water inform of bicarbonate or in the dissolved bound form as carbonate, depending on the pH of the water. Water is classified as soft, medium or hard, depending on the amount of bound CO 2 . When the bound CO 2 is less than 5 mg/L (25 mg of CaCO 3 ), the water is soft. But, when the bound CO 2 is 5-22 mg/L (100mg of CaCo 2 ), it is medium. The water is described as hard when the bound CO 2 is above 22 mg/L (Ekubo and Abowei, 2011) . In this study, monthly variation in CO 2 concentration in Asu River was between 5.32 mg/L in October at site 1 and 19.08 mg/L in February at site 2. The minimum and maximum were recorded in wet and dry seasons respectively. Decrease in the concentration of carbon (iv) oxide in the wet season may be due to its depletion, possibly as a result of increased phytoplankton abundance and decreased decomposition and respiration as suggested by Wani and Subla (1990) . The result indicates that Asu River can however be classified as not being soft nor had based on the amount of bound CO 2 as its concentration was within 5-22mg/L (Fig. 8 ). Nitrate is an oxidized form of nitrogen. It is essential in protein synthesis. Nitrogen concentration of any water body speaks a lot about the nutrient content of the water body hence, its enhancement support heavy growth of phytoplankton. The primary source of nitrogen in water bodies is agriculture (Alfoldi, 1983) , through surface runoff. The study in Asu River showed that nitrogen concentration in the river ranged between 0.01 mg/L and 0.05 mg/L. Minimum nitrate concentration was observed in the month of June at site 1 while maximum was record in April at both site 1 and 2 (Fig. 9 ). Nigatu (2010) made similar observations and attributed increase in nitrate concentration to runoff from farm lands, slaughter houses, residential and industrial sewages. Decomposition of nitrogenous organic matter can also increase nitrate concentration in rivers. Vol. 9, No. 2; 2016 Phosphate is a primary nutrient for algae. Its enhancement in rivers can cause algal bloom. This is the reason it is being classified as water pollutant. However, initiative to reduce loads of phosphorus to water is a key to reducing phytoplankton biomass. During this study, the concentration of phosphate in Asu River varied from 0.02 mg/l to 0.16 mg/L. The value of phosphate was highest in December at site 2 and lowest in January at both site 1 and 2 and also in April at site 1 (Fig. 10) . Nigatu (2010) recorded similar values and suggested that the increase in phosphate concentration in the water can be attributed to increase in the use of chemical fertilizers, use of detergents, waste water from laundering agents, run-off from farm lands, slaughter houses, residential and industrial sewages.
Ammonium ion (NH 4 + )
Figure 11. Monthly variation in ammonium ion in Asu River
In an aquatic ecosystem, ammonium ion is usually a product of nitrification. Although, natural sources are responsible for most of its occurrences in water, anthropogenic activities have added greatly to increase in its concentration. In the present study, it fluctuated between 0.34 mg/L and 0.75 mg/L across the wet and dry seasons. It however, recorded minimum value at site 2 in November and maximum value at site 2 in May (Fig.  11) . The reduction in the concentration of ammonium ion in Asu Riverduring thedry season may be as a result of its sequential conversion by two groups of nitrifying bacteria to nitrogen (iv) oxide ion and trioxonitrate (v) ion (Ekubo and Abowei, 2011) respectively, which is readily available for uptake by aquatic plants.
Conclusion
Freshwater ecosystems respond conspicuously to physical variables such as water temperature, depth, flow rate, and discharge rate as well, to variability in these factors. Rivers are therefore, expected to show response to global climate change in line with the variability in the physiochemical parameters and how they relate to the species composition, abundance, diversity and biomass of both the macro and micro organisms especially the plankton community. The study on the physicochemical variable of Asu River showed that there were spatial and temporal variations among the variables evaluated. The extent to which the variability observed can impact the ecosystem should be a concern for further researches. However, the river is not under serious threat of pollution going by the World Health Organization (WHO) permissibility checklist.
who conducted us round the river during the sampling period.
